HAZUS-MH and Dam Inundation




Objectives

Introduction to HAZUS-MH
Flood Information Tool (FIT)
HAZUS Output

HAZUS-MH Support Network
HAZUS Training



History

Program initiated in 1992

Earthquake model versions developed in 1997, 1999, 2000,
2001, 2002, 2005, 2006, and 2007

Development of Hurricane and Flood models initiated in 1998

Multi-hazard HAZUS (HAZUS-MH) with models for hurricane,
flood and earthquake hazards released in Spring 2004

HAZUS-MH Maintenance Releases in Jan. 2005, June 2006,
and June 2007



What i1s HAZUS-MH?

GIS-based tool used on a personal computer

Available from FEMA free of charge
(nttp://www.fema.gov/plan/prevent/hazus/)

Requires installation of ArcGIS 9.2, ArcGIS Spatial Analyst 9.x
(for flood modeling), and applicable ArcGIS service packs




Supported Hazards

Hurricane Winds

Riverine and
Coastal Floods

Earthquakes




How does HAZUS-MH estimate losses?




Inventory (Exposure) Data

HAZUS-MH provided data:
= Common to all hazards
= General building types and occupancies
= Lifelines

Contra Costa A

» Replacement costs
= Demographics

» Hazard-specific
= Specific building types
= Elevation

= Building configurations

5 Airport ~ Bridge




Tools for Integrating Local Data

Data Integration Tools
= Building Import Tool (BIT)
* Flood Information Tool (FIT)
= Comprehensive Data Management System (CDMS)

Linkage to third-party Models
= Areal Locations of Hazardous Atmospheres (ALOHA)
* Flood Waves (FLDWAV)

NOTE: These tools are covered in advanced courses



Flood Information Tool (FIT)



What Is the
Flood Information
Tool (FIT)?

System of tools that
generate a floodplain
based on user provided
Input

Input sources

* Flood engineering
reports

= User-run models

Flood Information
Tool

Depth
of Flooding

. | Loss

Y60 | Estimation




Key FIT Functionality

Validation of input spatial data
Development of flood elevation and depth grids

Analysis of non-conveyance areas

Interpolation of grids for return periods not included in input data



Required Input Data
Terrain (Digital Elevation Model)

Arcinfo grid processed
to bare-earth
conditions

Tutorials aid In
conversion of various
topographic data (spot
elevations, contours,
TINS) to the grid
format




Required Input Data

Flood Elevation Cross Sections

Line feature class

Cannot intersect each other, but should
Intersect floodplains

Must be attributed with flood surface
elevation for desired return period

Discharge values are not used except for
Interpolating additional flood depth grids
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Required Input Data

Floodplain Analysis Boundary

Polygon feature class

Must be single
contiguous polygon

Helps define the limits
of analysis

Potential sources:
DFIRM, Q3




Project Setup & Validation

User Is prompted to identify input data

HAZUS-FIT ¥  Riverine™ Coastal™

ject Setup and validation...

Merge FIT Projects...

@ FIT Help
About HAZUS FIT...

Map layer:
Source:

Description:

Map layer: I I >
Date: General | Ground Surface | Flood Surface :

Source:
Cell size: Floodplain boundary map layver information

Description: —
Projection: Map layer: Flood_boundary100 v
Date:
Source: FIRM v
FIRM panel no.:
Description:
Date:
FIRM panel no.:

Community name:
Projection: MAD_1983_statePlane_Morth_Carolina_FIPS_3200_Feet

Community name:

Projection: MAD_19

OK Cancel




Project Setup & Validation

Validation Error Alerts

Yertical Unikts

0 The wertical units selected for the DEM and flood elewation

map layers are not consistent, Please seleck DEM and Flood
elevation map layvers that possess common vertical units,

0 The wertical units For the Flood elevation map laver hawve nok been selecked,

Flease use the elewation units combo box to select

the werkical units For the flood elevation map laver.

Checks user input for
required fields

Verifies consistency

Successful validation
allows enabling of
analysis menu items



Flooding Mechanisms

Conveyance — water flows upstream to downstream, flood
elevations decay between adjacent cross sections

Backwater — water backs up from the main channel to a tributary
or low-lying area
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Centerline

Centerline represents the center of the floodplain, not the center
of the stream.

Centerline

Upstream

Limit

Downstream
Limit




Cross Sections

In FIT, you can define your own upstream and downstream limits
to tailor your study area.

Upstream
Limit

Downstream
¢ Limit




Cross Section Extension

A series of buffers is
created between the
centerline and the .
bounding polygon. > A Corridor

Cross sections are
extended to bounding
polygon if necessary.

Extended
BFE Line




Flood Elevation Points

Flood elevation points e @5 | Ses R

. P SR .?gf
at regular intervals are UeRrony 2o s jsas e raumy
interpolated between , R

Cross sections.




Flood Elevation Grid

Flood surface Is
Interpolated from
elevation points.




Flood Depth Grid

Flood depth grid =
flood surface -
ground elevation.




Depth Grid Wizard

Stream Limits Dialog is used to identify the upstream and
downstream limits of the study area.

%@, Mecklenburg.mxd - ArcMap - ArcView

File Edit View Insert Selection Tools Window Help
« | & [[1:12207 *| |2 | & | N2 | HezusFm > | Riverine> | Coastaly
7 | | spatial anatyst v | Layer: [dem20it -]

Draw the upstream and downstream
limits of analysis. Single click to add
Yalue a vertex and double click to finish
High : drawing the line.
-Stream limit type
Upstream limit

Downstream limit

Stream limit shape

Draw

Clear

Display

Raster Analysis Layer List Control [1432485.26 532328.94 Fest



Depth Grid Wizard

Centerline buffer captures area of conveyance.

@ _Mecklenburg.mxd - ArcMap - ArcView
File Edit View Insert Selection Tools Window Help
| & 114207 v| |2 | & | N2 | HazusFir > | Riverines | coastalw
Mk @ M & 4 V Spatial Analyst ¥ | La_uer; ,h’

Define the analysis extent by adjusting
the buffer size of the flow centerline,

Buffer controls

Increase buffer m
Decrease buffer
Reset to intial buffer Reset

Cancel

Display | Source

Undo the last action [1426997 45 534339.08 Feet




Depth Grid Wizard

Associate flood elevation and discharge fields with return period.

=10f x|

File Edit View Insert Selection Tools Window Help

D& & 2 @X|a x| &+ 114207 ] | é) K2 | HAZUS-FIT ¥ | Riverine™ | Coastalw

(a Q A ca ﬁ'ﬂ? ‘ G 1 k (i & 7 | Spatial Analyst ¥ | Layer: | dem20ft I

Associate elevation and discharge fields with the corresponding return period.

Input field mapping parameters

Discharge field:

-Output field mapping

Return period  Elevation field

Q_100_YR

Q_500_YR

Q_S0_YR
Mote: interpolation of addtional depth grids requires association of at
least 3 return periods with elevation AND discharge fields.

|1426923,45 530910,74 Feet




Depth Grid Wizard Output

Depth Grid

@ Mecklenburg.mxd - ArcMap - ArcView =10l

Flood boundary File Edit View Insert Selection Tools Window Help

HAZUS-FIT ¥ | Riverine™ ‘g:xastalv

BaCkIIneS = £ Layers
(If needed) = iitklineg

= BoundaryS00

= DepthS00

High : 251
Display | Source

[508477,94 3894151,90 Meters |




Depth Grid Wizard
Possible Threshold ‘Errors’

Option 1: Increase the Center line buffer.

Option 2: Increase Depth Threshold.

Option 3: Leave as is and continue.

Set Threshold?

‘? ":] The flood depth along the final buffer is greater than 0.0 at 23 locations.,
e Do wou wish bo increase the depth threshold ko reduce the number of these locations?




Backwater Analysis

|dentifies non-conveyance
areas (ponds) of flooding

Establishes flood elevations
for non-conveyance areas

Adjusts the flood elevation
and depth grids to include
backwater areas




Backwater Analysis

@ _Mecklenburg.mxd - ArcMap - ArcView

File Edit View Insert Selection Tools Window Help 1 D
I DEE& » B@|X | 9 o P |115400 -] 28| & K2 | HazusFrT ~ ‘ C raW

B2 iverine™

—— & 7 Spatial Analyst ¥ | Loyer: [Denthinn b baC kwater
polygon.

a vertex and double click finish to drawing.
Repeat to add additional polygons.

Backwater shape
oo |
Backwater flood elevation ‘ / Mecklenburg.mxd - ArcMap - Arc¥iew

M awimum: I 8 | File Edit View Insert Selection Tools Window Help
Minimum: = ¢ g : y = e EE S - | [ & |
TR b 58 @@ X |9 o4 | & ([1115.400 >l |2 | & | N2 | HazusFr ~ | R
Suggested: 5 = 3
kO 8D 7 Spatial Analyst ¥ | Layer: '

0 . Draw a backwater polygon and assign a
Display Source 25 flood elevation. To dra ingle click to add
= : a vertex and double click finish to drawing.
1428918,49 Repeat to add additional polygons.

Backwater shape

2. Accept suggested
. Clear
flood elevation or

M aximum:

enter your own.

Suggested:

Display | Source

[1427060.31 533400.66 Feet



Backwater Analysis

@ _Mecklenburg.mxd - ArcMap - ArcView =] S

File Edit View Insert Selection Tools Window Help 3 S th
‘ R ‘ || 22| & | K2 | HazusFT - | Coastalv | 1 . ave e

& Riverine™

Spatial Analyst ¥ Layer: | Depth500 v b C kW te r
w a backwater polygon and assigh a ‘ r O | O n
flood elevation. To draw, single click to add " 5

a vertex and double click finish to drawing.
Repeat to add additional polygons.

- Backwater shape

Draw

Backwater flood elevation i @ _Mecklenburg.mxd - ArcMap - ArcView C =l0f x|
I aimum: ‘ 7 E
Minirmurm: = g P 2 | |
; s REE X | < o4 | g |[1:15.400 x 7| & | K? | HAZUS-FIT > | Riverine~ | Coastal™
Suggested: A - == -
: ‘ | Spatial Analyst ¥ Layer: m

==

. Draw a backwater polygon and assign a

Display | Source flood elevation. To draw, single click to add
a vertex and double click finish to drawing.
Repeat to add additional polygons.

Backwater shape

4. Add additional
=
p O Iyg O n S Backwater flood elevatiol

M aximum:

(optional)

Suggested!

Cancel
e
20

Display | Source

1427046.94 531435.54 Feet



Backwater Analysis

@ Mecklenburg.mxd - ArcMap - Arc¥iew ) =10} x|
R e S u I tS File Edit View Insert Selection Tools Window Help

Spatial Analyst ¥ Laver: | dem20ft v l

| & | K2 | HAZUS-FIT v | Riverine™ | Coastalv

= Backlines

= BoundaryS00

=M

-41.74896:

Sections

"™ Low : 555.030029
Hillshade of demz0Fft
Value
High : 251

Display

 [507826.07 3595431.05 Meters |




Import to HAZUS-MH

User Data

1. Click on the
Hazard\User Data elect T folders
menu item and click [ Riverine |
the FIT tab.

2. Browse for the
location of the FIT
project(s) that you
want to use.




Import to HAZUS-MH

Select map features to be included in the

3. In New Scenario, use the FIT il it
analysis areas radio button. M:’;ij":;m
4. Compute hydraulics.  FIT anabsis avess
r'#‘ Riverine Hydraulic Analysis ‘ € User

— Map layer selection

Add to selection * |

Remove from selection -

Clear selection . |
Save selection E

|

Feturn Period [yrs] n-walle

Riverine FIT polpgons

FIT 1D Perniod|
1

Cancel




Additional User Provided Hazard
Options




Quick Look Feature

Allows user to estimate
damage without running
hydrology and hydraulics
analysis.

User creates flood
boundary and enters flood
depth.

Estimates general building
stock damage assuming
uniform flood depth within

St sl Bz u Ax Bv S o

Draweng ] = | lAns
po Iyg O n [} T2 2550 36°1'17.60N

No DEM input is required. Note: This feature can only be
used in a study region in which

no scenarios are open.



Quick Look Analysis

The Quick Look and the
Enhanced Quick Look

analysis are both run by
selecting Quick Analysis.

Analysis Results Insert Selec

Damaqge Functions 4
Restoration Functions
Parameters

Only general building
stock is analyzed, so no
options exist for which
analysis components to

3rd Party models




Quick Look Results

%" :Quick Look Summary Report (Crystal) Q@@

powered by

crystal_':°

Both the Quick
Look and
Enhanced Quick

LOO k to O | S g e n e rate General Building Stock Damage

a SI ng | e repo rt' Note: The HAZUS Flood Quick Look is an analysis option where the user can quickly estimate potential

damage by drawing areas of constant flood depths. The analysis performed is therefore based on this
user supplied anecdotal information and should be used with great care.

O n I e n e ral The Enhanced Quick Look is an analysis option where the user is providing a polygon that represents
y g the floodplain boundary and HAZUS will estimate a flood depth within that boundary. The analysis

perfarmed is therefore based on this user supplied anecdotal information and should be used with great

building stock
UI Ing S OC HAZUS Quick Look Analysis estimates that about 895 buildings will be at least moderately damaged.

. There are an estimated 1 buildings that will be completely destroyed. The definition of the 'damage
dam age IS states' is provided in Volume 1: Chapter 6 of the HAZUS Flood technical manual Table 1 helow
summarizes the expected damage by general occupancy for the buildings in the region. Table 2

t d summarizes the expected damage by general building type.

Table 1: Expected Building Damage by Occupancy

110 11-20 21-30 31-40 41-50
Occupancy Count Count (%) Count Count Count

0.00
100.00
0.00

Agriculture 0
aQ

1]

0.00 ]
o

o

a7

Commercial
Education

Government
0.00
0.00
3z

Industrial
Religion
Residential

w O O 0o N O

@

Total 47




Enhanced Quick Look

User supplies both a
DEM and a flood

boundary. el Enhanced Quick Look

HAZUS-MH creates a -

depth grid within the

boundary and estimates

general building stock

building damage. =

Floodplain Boundary Location

Note: This feature can only be
used in a study region in which
no scenarios are open.




User Defined Flood Depth Grid

HAZUS-MH allows users to point to

one or more existing flood depth Desti
grld S. Select depth arids

= Must use Arcinfo GRID format T —

Set Parameters
= Depth units are defined by user —
. Uris
= Can use any projected o
coordinate system (ol

DK Cancel

This option represents the most
accurate representation of a flood
hazard assuming that the depth grid
has been created with appropriate
methods.




User Defined Flood Depth Grid

Assign the depth 7 5
gnid, along with g e L
relevant FIT areas or SR
reaches, to a
scenario.

~Map layer type -

¢ User-defined depth grids

All analysis output
options available. ~ o ek s

£dd to selection + I

Remove from selection - I
. Clear selection X I
_ Save selection & I

| [ |




HEC-RAS Depth Grids

HEC-RAS (Hydrologic Engineering Center’s River Analysis
System) is a software package from the US Army Corps of
Engineers that enables users to perform one-dimensional

hydraulic calculations. U Data

Depth Grid

HAZUS-MH can use HEC-RAS output e
for enhanced dam or levee analysis.

US Army Corps
of Engineers®




HEC-RAS Depth Grids

HAZUS-MH integrate HEC-RAS output in version 4.1 or

later of HEC-RAS.

The floating-point binary (.flt) file is the file that you need to

Import into HAZUS-MH.

N

MName Size
= FloodDeptho. fit 44,473 KB
| FloodDeptho. hdr 1 KB

=) FloodMap. dbf 1 KB
=] FloodMap.prj 1 KB
=] FloodMap. shp 760 KB

= FloodMap.shx 1 KB

Type
FLT File
HDR File
DEF File
PRJ File
SHP File
SHX File

Date Modified

10/2/2009 4:08 PM
10/2/2009 4:08 PM
10/2/2009 4:08 PM
10/2/2009 4:08 PM
10/2/2009 4:08 PM
10/2)2009 4:08 PM




HEC-RAS Depth Grids

Output will show flood boundaries.

Important: HAZUS-MH only computes still water damages.

Damages related to velocity from a dam or levee break is not
calculated.

- £% Layers
- BoundaryPolygon

= mix0
Yalue
I High : 45.0883

Low: 0
= UserData
M Depth Grid
- Census Tracts
[1Census Tracts




HAZUS-MH Output

Physical
Impacts

Dollar Losses ($M)
by census tract]

Over 100 [113 tracta]

- 50 - 100 (350 tractn)
. 10 - 50 [1203 tracta]
- 1- 10 [B18 tracta]

- 0 -1 [525 tractn)

Economic
Impacts




HAZUS-MH Output

Earthquake Flood Hurricane Wind

Ground Shaking Frequency Depth

Ground Failure Discharge Velocity Rressure|| Missile | Rain

General Building Stock v
Essential Facilities v
High Potential Loss Facilities
Transportation Systems
Utility Systems

Fire Following
Hazardous Materials Release
Debris Generation

»Direct Losses
Cost of Repair

Income Loss v
Crop Damage v
Casualties Generic Output

Shelter Needs

Bindirect Losses
Supply Shortages
Sales Decline
Opportunity Costs
Economic Loss




HAZUS-MH in Emergency Management

Preparedness
~ @I

EARTHQUAKE * WIN FLOODJVJ—

Response and
Recovery

1

Loss
Reduction

(Mitigation)




2 FEMA HAZUS - Micresoft Internet Explorar

EE®

FEMA Resources

HAZUS-MH Overview mm— —_

Software Order Forms o_ - iy 2 ﬁowu

Training / Conference
Information i

and the prvle lad
ot Click Herw fo Ic hm u\w;n.'n_.uuvlm
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) 1D v, fema. gowlabout indecs shim

http://www.fema.gov/plan/prevent/hazus/



User Groups

Latest news
User feedback

User group contacts

Supporting the HAZUS
user community across
y, the ultimate

ine resource for

P Join HAZUS.c

P HAZUS Us

» HAZUS Training & Technical
Assistance

P HAZUS.org Special Interest Groups

P HAZUS Success Stories

The National HAZUS User Conference will be held
concurrent with the 2007 ESRI International User
Conference.

For more info and

{A" Please
; = and updates on news & events of interest
P SR ; Sy to the HAZUS user community,

send us your suggestions

ontributed to the

http://www.hazus.org/



HAZUS-MH
Local Training

HAZUS Multi-Hazards
for Floods Cours&IrZI

Register online at
https://ks.train.org
Search for
Course ID: 1020150

Pariicipants can register on KS-TRAIN. If
you need assistance or help starting 3 user
account, please call Isabel Herrera
Schultes at 5;

T85-274-1412 or contact the KS-TRAIN
Help Desk at helpdeskfiikahe siate ks.us or
785-295-3655.

Contact Jessica Frye at

=35ica fvaliitag ke oo cr 785-274-1610

Kansas Fmergency Management
Training Office
s S

Topeka, Kansas
March 22-25, 2010

This course provides in-gepth instructions and hands-on exercises that
develop the shills needed to effectively use HAZUS-MH for modeling the
impacts on communities from rivesine and coastal flooding. The focus of
the course is on the processes that are used to define a food hazard and
f0 generate social and economic loss esiimations. However, the course
also prowides a review of the methodologies used to compile the extensive
out-of-the-box inventory that is provided with HAZUS and it provides an
introduction to the techniques for wdating the inventory, which is largely
composed of best available national data sources, with more accurate

aggregate and site specific local data.

Target Audience
FEMA, State and loca government employees involved with or ntsrested
in planning for emergencies associated with fiooding, earthauake or
hurricane events. This includes, researchers, insurance and utility
companies.
Prerequisites
Required: basic famiiarity with ArcGIS and an understanding of basic
concepts reiated 1o emergency management. Recommended: ESRI on-
fine GIS Tutona and Introduction to ArcView 9.x

This course is sponsored by EAE Consultants, AECOM, The Kansas
Adjutant General’s Department, Heartland HUG, and FEMA Region Vi

Lodging reimbursements wiil be available for those traveling 60 miles or more (up to 2 nights)




Contact Information

President of the Heartland Hazus Users Group
Michael Eddings

E&E Consultants

Phone: 620-794-6203

Email: mkeddings@yahoo.com

Heartland HAZUS Users Group and Training


mailto:mkeddings@yahoo.com

Questions?



